) demonstrated that masked priming effects in many cognitive tasks become larger when the proportion of related trials increases (prime validity effects). Those authors claimed that these effects are due to participants' recruiting prime information to aid target processing when it is useful to do so (e.g., there are a large number of related trials-the memory recruitment account). Bodner and Mulji (in press) recently reported similar effects in an arrow classification task with free choice trials. In the present research, we examined whether the memory recruitment account can adequately explain prime validity effects in that task. In this experiment, participants classified arrow direction (i.e., left-right) and responded to free choice stimuli (i.e., two-sided arrows that allow either a left or right response) following arrow primes when the prime-target relationship for the arrow target trials was always congruent, always incongruent, or unpredictive. Prime validity effects for the either-way targets emerged with both 77-and 165-msec prime-target intervals. The results in the unpredictive conditions, however, suggest that those effects were due to the impact of automatic response biases initially created by the prime, which participants attempt to suppress when it is advantageous to do so.
In the masked priming paradigm, a forward mask (typically a character string) may or may not be presented prior to a briefly presented (typically 60-msec or less) prime stimulus, which is then masked by a backward mask and/ or a target stimulus. The goal of this paradigm is to measure the effect of these masked primes on target processing in order to better understand the mechanisms underlying the processing of subliminal stimuli.
In general, there are two views concerning how the presentation of the masked prime affects target processing (see . The prospective view is based on two assumptions. One assumption is that the presentation of a masked prime induces a temporary state of activation in the cognitive system, which, in turn, affects the speed with which a subsequently presented target is processed. The second assumption is that, since participants do not report any awareness of these masked primes, any episodic trace left by these primes should be so weak that any effect of the prime must have been due solely to automatic, rather than strategic, processes (see also Forster & Davis, 1984) .
The alternative-the retrospective view of masked priming-is based on the idea that both of the assumptions of the prospective view are incorrect, adopting instead two markedly different assumptions. The first is that the primes (even when they are presented briefly and masked) form reasonably strong episodic traces. The second assumption is that, in an effort to aid target processing, the cognitive system strategically adjusts the extent to which it relies on information from these episodic traces (even though the viewer is typically unaware of either the presence of the prime or its identity).
The strongest piece of evidence that masked primes do activate episodic traces that could then be used strategically are prime validity effects-that is, larger priming effects when the percentage of trials in which the target is related to the prime is high (typically 80%) relative to when it is low (typically 20%). These effects have been found in reaction time latencies across a variety of cognitive tasks (e.g., Bodner & Dypvik, 2005; Bodner & Masson, 2001 , 2004 Bodner, Masson, & Richard, 2006; Bodner & Mulji, in press; Jaśkowski, Skalska, & Verleger, 2003; Klapp, 2007) . To account for these results, Bodner and Masson (2001; proposed their memory recruitment account, which is based on the two core assumptions of the retrospective view of masked priming, to explain how the proportion of congruent prime-target trials affects the size of priming effects.
According to the memory recruitment account, "the processing applied to masked primes is encoded in memory and is then recruited to assist with target processing if the list context . . . supports its recruitment" (Bodner & Mulji, in press) . That is, when the information that can be derived from a masked prime is often beneficial for target processing (e.g., a prime arrow often points in the same direction as the target arrow), then the cognitive system adopts a target processing strategy that involves placing some reliance on information derived from the prime's episodic trace. Be-sponse selection in tasks in which arrow target trials are interspersed with a set of either-way targets ( ) for which either response is legitimate (see Klapp & Haas, 2005; Klapp & Hinkley, 2002, Experiment 5; Schlaghecken, Klapp, & Maylor, 2009, Experiment 2) . Specifically, responses in these free choice trials are more frequent and faster when they match the direction of the masked prime at short prime-target intervals, but at longer prime-target intervals, the pattern reverses (see especially .
Prime Validity Effects in the Arrow Classification Task
Recent research by Klapp (2007) has demonstrated a prime validity effect using masked primes in an arrow classification task. Specifically, Klapp (2007) varied the proportion of incongruent prime-target pairs between subjects from 20% to 50% to 80%, using both a relatively long, 160-msec prime-target interval (Experiment 2) and a short, 32-msec prime-target interval (Experiment 3). When the long prime-target interval was used, negative priming occurred, which increased in magnitude as the proportion of incongruent prime-target pairs increased. When the short prime-target interval was used, positive priming occurred, which increased in magnitude as the proportion of congruent prime-target pairs increased.
Focusing solely on the positive priming effect, Bodner and Mulji (in press) recently extended Klapp's (2007) research by showing that the proportion of congruent prime-target pairs for the arrow targets also affects response selection for either-way targets. Specifically, they interspersed free choice trials with arrow target trials and manipulated the proportion of congruent prime-target arrow classification trials between subjects, such that half of the participants received 80% congruent trials (80/20 condition) and the other half received 20% congruent trials (20/80 condition). Using a prime-target interval of 105 msec, they obtained a larger priming effect for the target arrow classification trials in the 80/20 condition (28 msec) than for those in the 20/80 condition (8 msec), which replicated Klapp's (2007) prime validity effect. Furthermore, the proportion of congruent prime-target pairs in the arrow classification trials also influenced response selection on the free choice trials. Responses were faster in the 80/20 condition when the response corresponded with the direction of the masked prime (a 21-msec priming effect), but not in the 20/80 condition (a nonsignificant 2-msec priming effect), and a response bias emerged, such that responses corresponded with the direction of the masked prime on 54.1% of the trials in the 80/20 condition, but response selection was at chance (i.e., 49.1%) in the 20/80 condition. Bodner and Mulji (in press) proposed that prime validity effects on both the arrow classification and free choice trials fit particularly well with their memory recruitment account. Specifically, priming effects occurred in the 80/20 condition, but were essentially nonexistent in the 20/80 condition, because the participants in the 80/20 condition often relied on episodic traces obtained from prime processing to aid target processing. In the 20/80 condition, however, the cause this information benefits target processing on related trials, a greater reliance on prime information produces a larger priming effect. In contrast, as Masson and Bodner (2003) argued, a prospective view of masked priming appears to be unable to explain prime validity effects. If priming were merely due to a temporary change in activation within the cognitive system, that change-and, hence, the size of the priming effect-should not be affected by the proportion of congruent prime-target pairs.
Much of the previous research on the prime validity effect has been done using paradigms in which several different stimuli are used as primes and targets so that each stimulus is seen and classified only once (e.g., lexical decision, naming). In the present research, we investigated these issues in a slightly different situation, one in which only a small set of stimuli was used repeatedly, with those same stimuli also acting as masked primes. In these types of situations, the influence of the masked prime on target classification is presumed to be due to specific stimulus-response associations, which are formed as a result of classifying a small set of visible stimuli (see Damian, 2001 ). Specifically, the present experiment was designed to investigate the mechanisms that drive the prime validity effect when the task is a target arrow classification task (see also Bodner & Mulji, in press; Klapp, 2007) .
Arrow Classification Tasks (With and Without Free Choice Trials)
Eimer and Schlaghecken (1998) provided one of the earliest demonstrations of a masked priming effect in an arrow classification task in which arrow targets that require a directional (i.e., left [ ] or right [ ]) response were preceded by masked prime arrows. Their results were counterintuitive, in that participants responded significantly faster when the prime and target arrows pointed in opposite directions than when they pointed in the same direction (a negative priming effect). Measurements of event-related potentials helped explain this negative priming effect by demonstrating that a masked arrow prime initially activates the motor response that corresponds to the direction of that prime. That is, a response priming effect emerged because of the fact that repeated classifications of left-and rightpointing target arrows strengthened the association between these stimuli and the left and right key responses, associations that are activated by the masked primes. However, as time passes and this response activation diminishes, the opposite motor response becomes activated.
The facilitation-followed-by-inhibition pattern from Eimer and Schlaghecken's (1998) event-related potential measurements suggests that, in an arrow classification task, responses should be faster when prime and target arrows point in the same direction than when they point in opposite directions (positive priming) when the prime-target interval is short, whereas negative priming effects should be obtained when the prime-target interval is long. This response priming pattern has, in fact, been demonstrated in subsequent research (e.g., Eimer, 1999; Schlaghecken & Eimer, 2000 .
Further research has shown that, in addition to motor response latencies, masked arrow primes also affect re- . If performance in the unpredictive condition is equivalent to that in the 100% incongruent condition (i.e., an essentially null priming effect), in support of Bodner and Mulji's (in press) claims, the implication would be that priming in the 100% congruent condition was due to the recruitment of prime information to aid target processing, with automatic activation processes playing little, if any, role. In contrast, if performance in the unpredictive condition is equivalent to that in the 100% congruent condition, the implication would be that the priming in the 100% congruent condition is essentially due to automatic activation processes rather than to the recruitment of prime information to aid target processing. Furthermore, it would mean that performance in the 100% incongruent condition was affected by some sort of participant action (e.g., an attempt to suppress an automatic bias created by the prime). A final possibility is that the unpredictive condition would show priming midway between those in the 100% congruent and 100% incongruent conditions. If so, the implication would be that the primes may be used in both the 100% congruent and the 100% incongruent conditions to either enhance or diminish the automatic activation initially created by the primes.
METHOD Participants
One hundred forty-seven University of Western Ontario psychology undergraduate students received either course credit or $10 for their participation in these experiments (age range 17-53 years, median 23.2 years). All had either normal or corrected-to-normal vision and were proficient in English.
Materials
There were two types of targets in these experiments. One type was a double arrowhead that pointed toward either the left ( ) or the right ( ). The other type was an either-way target, which consisted of one arrow that pointed right and one arrow that pointed left ( ). Primes were also double arrowhead stimuli that pointed either left ( ) or right ( ). Masks consisted of single arrowheads pointing to both the left and the right ( ). 1 All stimuli were presented in 14-pt. Courier New font.
There were 360 test stimuli presented in six blocks of 60 trials each. Within each block of trials, there were 20 left-pointing arrow targets, 20 right-pointing arrow targets, and 20 either-way targets. Twentyfour practice trials (8 either-way targets, 8 right-pointing arrow targets, and 8 left-pointing arrow targets) preceded the test trials. For the arrow practice trials, half of the prime-target pairs were congruent (i.e., the prime and target arrows pointed in the same direction), and the other half were incongruent (i.e., prime and target arrows pointed in opposite directions). For the either-way practice targets, half of the targets were preceded by a right-pointing arrow prime, and half of the targets were preceded by a left-pointing arrow prime.
In terms of the experimental trials, in the unpredictive condition, the prime-target pairs for half of the arrow targets were congruent, and the prime-target pairs for the other half of the arrow targets were incongruent. In the 100% congruent condition, the arrow targets were always preceded by a prime arrow that pointed in the same direction as the target, whereas in the 100% incongruent condition, the arrow targets were always preceded by a prime arrow that pointed in the direction opposite that of the target. As was noted previously, this prime-target congruency manipulation was a between-subjects manipulation. In all three conditions, the either-way targets were preceded equally often by either a right-pointing or a left-pointing arrow prime.
proportion of congruent trials was too low to be useful, so the participants placed virtually no reliance on the obtained episodic traces produced by prime processing.
The Present Study
What is important to note about Bodner and Mulji's (in press) account is the lack of a role for automatic response activation processes. That is, the only source of priming in their account is the use of episodic information about the prime in order to aid target processing. When the proportion of congruent prime-target trials is high (e.g., the 80/20 condition), recruitment of prime information is frequent, and a positive priming effect emerges. In contrast, when the proportion is low (e.g., the 20/80 condition), virtually no recruitment of prime information takes place, and, consistent with Bodner and Mulji's results, no priming emerges. Where an account of this sort runs into problems, however, is in explaining negative priming effects (i.e., the fact that, with longer prime-target intervals, incongruent prime-target pairings tend to produce shorter latencies), since the recruitment of prime information can only aid processing. In order to explain inhibition effects, it would appear that Bodner and Mulji's account would have to assume that there is some role for response activation/ inhibition processes. If their account were to do so, however, the question would then become why activation processes would not also play a role on positive priming trials (e.g., when the prime-target interval in the arrow classification task is short).
The present study is an attempt to evaluate the potential role of automatic response activation processes in the arrow classification task and the implications for Bodner and Mulji's (in press) account of their arrow classification data. To do so, the strongest possible manipulation of prime-target congruency in that task, combined with both a short (i.e., 77-msec) and a long (i.e., 165-msec) primetarget interval, was used, along with a set of either-way targets. Prime-target congruency for the arrow targets was manipulated between subjects across three different conditions. In two of these conditions, the prime-target relationship for the arrow targets was either 100% congruent (i.e., the prime arrow always pointed in the same direction as the target arrow) or 100% incongruent (i.e., the prime and target arrows always pointed in opposite directions). The other condition was an unpredictive baseline condition in which arrow targets were preceded equally often by congruent and incongruent masked primes.
The key question concerns how the prime validity manipulation for the arrow targets affects the masked prime's impact (for both the reaction time and the response bias) on the intermixed either-way targets, specifically focusing on the relationship between the pattern in the unpredictive condition versus those in the 100% congruent and 100% incongruent conditions. Since the prime is of no use in terms of predicting the target in the unpredictive condition, our working assumption is that participants would have no motivation to recruit prime information in this condition. Thus, any impact of the prime in the unpredictive condition would, presumably, be due to automatic processing of the sort measured by Klapp and Hinkley (2002) and lyzed using a 2 (prime condition: 100% congruent vs. 100% incongruent) 2 (prime-target interval: short vs. long) between-subjects ANOVA. Latency responses to the either-way targets were analyzed using a 3 (prime condition: 100% congruent vs. unpredictive vs. 100% incongruent) 2 (response congruity: congruent vs. incongruent) 2 (prime-target interval: short vs. long) mixed-design ANOVA. The response bias to the eitherway targets was analyzed using a 3 (prime condition: 100% congruent vs. unpredictive vs. 100% incongruent) 2 (prime-target interval: short vs. long) mixeddesign ANOVA.
The interactions for both arrow and either-way target data were further analyzed using post hoc comparisons (using Bonferroni adjustments for multiple comparisons). In addition, incorrect responses to the arrow targets were removed from the latency analyses, along with either-way and arrow target trials that were shorter than 150 msec or in which no response was given (9.8% of the arrow target trials, 4.2% of the either-way target trials).
Arrow Targets
Unpredictive condition. In the latency analysis, there was a significant main effect of prime-target congruity [F(1,47) .e., positive priming). However, when the prime-target interval was increased to 165 msec, responses were 11 msec faster when the prime and the target pointed in opposite directions (318 msec) than when they pointed in the same direction (329 msec) [t(31) 2.65, SE 4.01, p .02] (i.e., negative priming).
In the error analysis, there were significant main effects of prime-target congruity [F(1,47) 21.85, MS e 0.005, p
.001] and prime-target interval [F(1,47) 9.30, MS e 0.009, p .005]. The error rate was greater when the prime and target arrows pointed in opposite directions (12.7%) than when they pointed in the same direction (5.8%), and the error rate was greater when the prime-target interval was 77 msec (12.3%) than when it was 165 msec (6.2%). More important, the interaction was significant [F(1,47) 41.29, MS e 0.005, p .001]. When the prime-target interval was 77 msec, the error rate was significantly greater when the prime and target arrows pointed in opposite directions (20.4%) than when they pointed in the same direction (4.1%) [t(16) 6.79, SE 0.024, p .001] (i.e., positive priming). However, when the prime-target interval was increased to 165 msec, the error rate was nonsignificantly greater when the prime and target arrows pointed in the same direction (7.4%)
Equipment
The experiment was run using DMDX experimental software, produced by Forster and Forster (2003) . The stimuli were presented on a SyncMaster monitor (Model No. 753DF). The presentation was controlled by an IBM-clone Intel Pentium. The stimuli appeared as black characters on a white background. Responses to stimuli were made by pressing one of the two "Shift" keys on the keyboard.
Procedure
The participants were run individually. The participants sat approximately 18 in. in front of the computer screen and were told by the experimenter that they would have to respond to both arrow targets and either-way targets, which would be presented on the screen. For the arrow targets, they were instructed to respond by pressing a key in the direction in which the target arrow was pointing (either left or right). For the either-way targets, they were told to respond by pressing either the left or the right key, and it was emphasized that either response was appropriate. For the arrow targets, the participants were told to respond as quickly and as accurately as possible. For the either-way targets, the participants were told to respond as quickly as possible without concerning themselves about which response they were making.
Each participant first performed the 24 practice trials with the experimenter in the room. Following these practice trials and after answering any questions that the participants may have had, the experimenter left the room, and the participants then performed the experimental trials, which consisted of six blocks of 60 trials (there was an opportunity for a break at the end of each block).
Each trial began with the presentation of a 550-msec arrow mask (e.g., ), which acted as a fixation cue. This forward arrow mask was then followed by a 44-msec prime double arrowhead (e.g., ), which was backward masked by a 33-msec arrow mask. The backward mask was followed by a 99-msec target that was either a double arrowhead (i.e., or ) or an either-way stimulus (i.e., ). The participants had a maximum of 2.5 sec to respond to the target stimulus before the next trial began. The key manipulation was the length of the prime-target interval. For 51 participants (17 in each prime condition), the prime-target interval was 77 msec, whereas for 96 participants (32 in each prime condition), the prime-target interval was increased to 165 msec by inserting an 88-msec blank screen between the backward mask and the target. Data collection in the 77-msec condition was completed prior to beginning data collection in the 165-msec condition.
At the end of the experiment, the experimenter asked the participants whether they were aware of anything that might have appeared before the target stimulus.
RESULTS
None of the participants reported that they had noticed any of the primes on the screen prior to the targets. Therefore, one can assume that the participants possessed little or no conscious awareness of the existence of the primes. Prime discrimination tasks were also carried out with separate groups of participants, using the display parameters for both prime-target intervals. These data also indicate that the participants had little awareness of the primes at either prime-target interval (see the Appendix for a description of the prime discrimination task).
For the arrow targets, latency and error data in the unpredictive condition were analyzed using a 2 (primetarget congruity: congruent vs. incongruent) 2 (primetarget interval: short vs. long) mixed-design ANOVA, whereas latency and error contrasts between the 100% congruent and 100% incongruent conditions were ana- When the prime-target interval was 77 msec, responses were 62 msec faster when the prime and target arrows pointed in the same direction (i.e., the 100% congruent condition; 300 msec) than when they pointed in opposite directions (i.e., the 100% incongruent condition; 362 msec) [t(32) 2.89, SE 21.34, p .006] (i.e., positive priming). However, when the prime-target interval was increased to 165 msec, responses were a nonsignificant 21 msec faster when the prime and target arrows pointed in opposite directions (304 msec) than when they pointed in the same direction (325 msec) [t(62) 1.36, n.s.] (i.e., negative priming).
For the error analysis, neither the main effect of prime condition [F(1,94) 0.16, n.s.] nor the main effect of prime-target interval [F(1,94) 
Either-Way Targets
Response latencies. There was a significant main effect of response congruity [F(1,141) 7.21, MS e 743.87, p .009]. Response latencies (see Table 1 ) were 9 msec faster when the participants chose a response that corresponded with the direction of the prime (374 msec) than when they chose a response that was in the direction opposite that of the prime (383 msec). There was no main effect of prime-target interval [F(1,141) (60.8%) but were at chance performance in the 100% incongruent condition (49.5%).
Critically for the present purposes, however, performance on the either-way targets in the unpredictive condition mimicked that in the 100% congruent condition. Specifically, responses to either-way targets in the unpredictive condition were 38 msec faster when they corresponded with the direction of the prime (334 msec) than when they differed (372 msec), essentially equivalent to the 33-msec effect in the 100% congruent condition, and there was a strong bias (57.6%) to respond in the direction of the prime arrow, essentially equivalent to the 60.8% bias in the 100% congruent condition. Because the arrow targets in the baseline condition were preceded equally often by left and right pointing arrows and, hence, there would be no overall benefit to recruiting prime information, these results strongly suggest that the pattern in the 100% congruent condition is not the result of the participants' relying more heavily on information from the prime's episodic trace when the proportion of congruent trials was high (a key assumption of the memory recruitment account) but was, rather, due to automatic response activation.
A similar relationship among the three prime conditions emerged with the 165-msec prime-target interval. Note, first of all, that the prime-target interval manipulation worked as predicted; that is, it turned positive priming effects into negative priming effects. For the arrow targets, when the prime-target interval was 77 msec, responses to the arrow targets were 62 msec faster when the prime and target arrows pointed in the same direction (i.e., the 100% congruent condition) than when they pointed in opposite directions (i.e., the 100% incongruent condition), and, in the unpredictive condition, responses were 41 msec faster when the prime and the target pointed in the same direction than when they pointed in opposite directions. With the 165-msec prime-target interval, responses were 21 msec faster in the 100% incongruent condition than in the 100% congruent condition, and responses in the unpredictive condition were 11 msec faster when the prime and the target pointed in opposite directions than when they pointed in the same direction.
A similar pattern emerged with the either-way targets. In the 100% incongruent condition, the null bias shown in the 77-msec condition turned into a response bias in the direction opposite to that of the prime (55.2%) in the 165-msec condition, whereas the strong evidence for a bias in the direction of the prime disappeared in both the 100% congruent (49.5%) and the unpredictive (47.2%) conditions. Furthermore, in the 100% incongruent condition, the null priming effect with a 77-msec prime-target interval turned into a 21-msec negative priming effect with a 165-msec prime-target interval. At the same time, the significant priming effects in both the 100% congruent and the unpredictive conditions when the prime-target interval was 77 msec disappeared. What these results indicate is that the prime-target interval manipulation altered the direction of the automatic bias created by the prime, as was expected on the basis of Eimer and colleagues' results (e.g., Eimer, 1999; Schlaghecken & Eimer, 2000 In addition, the interaction of prime-target interval and prime condition was also significant [F(2,141) 3.73, MS e 0.004, p .03]. The participants were more likely to choose a response that corresponded with the direction of the prime when the prime-target interval was 77 msec (as opposed to 165 msec 
DISCUSSION
In the present study, we evaluated the mechanisms driving the prime validity effect in an arrow classification task with free choice trials when the arrow targets were preceded by masked primes that always pointed in the same direction as the target arrow (100% congruent condition), always pointed in the opposite direction (100% incongruent condition), or pointed equally often in the same and opposite directions (unpredictive condition) and when the prime-target interval was either 77 or 165 msec. Thus, in the present study, we employed both an unpredictive baseline condition and the strongest possible manipulation of prime-target congruency.
When the prime-target interval was 77 msec, the present study replicated Bodner and Mulji's (in press) pattern of prime validity effects for the either-way targets. That is, responses in the 100% congruent condition were 33 msec faster when they corresponded with the direction of the prime (333 msec) than when they differed (366 msec), but in the 100% incongruent condition, responses were only a nonsignificant 8 msec faster when they corresponded with the direction of the prime (423 msec) than when they differed (431 msec). Similarly, the participants were more likely to choose a response that corresponded with the direction of the prime in the 100% congruent condition nisms might have been active here. Note also that, in many of the mechanisms discussed by Tipper, the suppression process is not a fully unconscious process (i.e., some conscious activity is being applied to aid the inhibition process). With respect to the present analysis, however, the argument is not being made that the inhibition process necessarily involves conscious activity or that the process requires conscious knowledge of the relationship between the automatic bias created by the prime and the subsequent direction of the arrow target. Rather, the argument is that, in an effort to facilitate responding, the suppression process may develop unconsciously in much the same way that the process of recruiting episodic trace information is presumed to develop in the memory recruitment account (i.e., without the participants necessarily becoming aware of what they are doing or why).
The Fate of the Memory Recruitment Account
One obvious question is how the memory recruitment account would need to be altered in order to allow it to explain the present data. One possibility is that one could assume that the relationship between the use of the prime to aid processing and the proportion of congruent trials is not straightforward. For example, one could argue that if the proportion of congruent trials is at least 50%, the participants may always use information from the prime to aid target processing. As a result, performance in the unpredictive and 100% congruent conditions would be expected to be equivalent. 3 An assumption of this sort would allow the account to explain the results in the 77-msec prime-target interval condition, but it would not allow the account to explain the negative priming in the 165-msec prime-target interval condition. For the memory recruitment account to be able to explain negative priming, some sort of activation process would need to be added to the account. If that process allowed for activation of the response in the direction opposite that of the prime at longer prime-target intervals, the amended account could explain the change in the either-way target data from positive to zero priming in the 100% congruent and unpredictive conditions and the change from zero to negative priming in the 100% incongruent condition. However, as was previously noted, adding this assumption to Bodner and Mulji's (in press ) account would raise the question of why the assumption is made that there is no automatic (positive) activation process when the prime-target interval is short.
Alternative Accounts of Masked Priming in the Arrow Classification Task
Variations in associative strength between the prime and its response. As was previously described, Klapp (2007) reported that the magnitude of priming for arrow targets increased as the proportion of incongruent prime-target pairs varied between subjects from 20% to 50% to 80% in an arrow classification task using masked arrow primes. According to Klapp (2007) , a masked prime becomes associated with a particular response if both the masked prime and the target signal the same response. Prime validity effects, therefore, arise because of the fact Nonetheless, in spite of the complete reversal of the basic priming effect, the pattern among the three prime conditions did not change. Just as with the 77-msec prime-target interval, the results obtained in the unpredictive condition using a 165-msec prime-target interval mimicked those in the 100% congruent condition. Therefore, it would appear that, regardless of what prime-target interval was used, it was the processing operations taking place in the 100% incongruent condition that produced the observed prime validity effects.
The Proposed Response Bias Suppression Account
The explanation that we propose for how the 100% incongruent condition is responsible for producing a prime validity effect is that the participants in that condition actively worked to suppress the response bias that was rapidly and automatically activated by the prime. That is, in the 100% incongruent condition, the response that was automatically activated by the masked prime for the arrow target trials was always incorrect. Therefore, the participants acted to suppress this response bias by decreasing the activation of the primed response, which, in turn, allowed the competing response to become more active. The result is a null positive priming effect and no response bias with a short prime-target interval, and a negative priming effect and clear bias against the prime's direction with a longer prime-target interval. In contrast, the results in the 100% congruent and unpredictive conditions were driven by the automatic activation produced by the prime. Hence, following Eimer and colleagues' results (e.g., Eimer, 1999; Schlaghecken & Eimer, 2000 , there was positive priming with the short prime-target interval and evidence of negative priming at the longer interval.
Note that this account is quite consistent with the fact that, with the 77-msec interval, responses were somewhat slower in the 100% incongruent condition (427 msec) than in either the 100% congruent (349 msec) or the unpredictive (353 msec) condition-conditions that, once again, mimicked one another. When the prime-target interval was increased to 165 msec, however, there was no longer any difference among the three conditions: incongruent condition (376 msec), congruent condition (386 msec), baseline condition (381 msec). These results, therefore, suggest that the participants had considerable difficulty responding in the incongruent condition when the primetarget interval was 77 msec, as would be expected if they were actively working to suppress an automatically activated bias. However, since a longer prime-target interval not only allows more time to suppress that bias but also typically automatically produces an activation pattern that reverses the direction of the initial bias (as was documented by Eimer & Schlaghecken, 1998) , the overall latency differences between the conditions disappeared.
There are a number of ways in which this suppression process might work (see, e.g., Tipper's [2001] review of various mechanisms of inhibition of response tendencies, and see also Houghton & Tipper, 1994) . The present data, however, do not allow a specification of which mecha-to be a suppression mechanism that is sensitive to the nature of the prime-target relationship (allowing it to play a major role in the 100% incongruent condition), as well as being one that could produce an overall level of activation in the initially primed response that is lower than the resulting level of activation of the opposing response.
Adaptation to the statistics of the environment model. In the arrow classification task (with and without free choice trials), there are only two possible responses (i.e., left or right) and a small number of targets (i.e., left arrows, right arrows, and, potentially, two-sided arrows) that are repeated multiple times over the course of the experiment. The mechanism that is posited here to explain prime validity effects, a mechanism that is somewhat different from those proposed by the memory recruitment account, may also explain prime validity effects in other tasks in which stimulus-response mappings can be formed through multiple repetitions of a small set of targets over the course of the experiment. One task in which prime validity effects have occurred that fits this criterion is Bodner and Dypvik's (2005) masked parity judgment task. Whether the mechanism proposed here does, in fact, extend to the masked parity judgment task is currently being investigated.
On the other hand, it is unlikely that the mechanism proposed here can explain prime validity effects in tasks that have a large target set and rarely repeat the targets (e.g., lexical decision, naming). Tasks like these do not allow the development of response biases on the basis of specific stimulus-response mappings, which would then become stronger through practice. Thus, those types of tasks would appear to provide better support for the memory recruitment account. However, recent research by Kinoshita, Forster, and Mozer (2008) challenged the memory recruitment account of prime validity effects in Bodner and Masson's (2004) masked prime naming task, albeit on a different basis from that discussed here. Essentially, Kinoshita et al. argued that the mechanisms that produce prime validity effects in that paradigm are the same mechanisms that produce blocking effects in a naming task (see Lupker, Brown, & Colombo, 1997; Taylor & Lupker, 2001) . That is, these prime validity effects are due to the fact that the difficulty of items within a block of trials strongly influences naming latencies.
More specifically, in a masked prime naming task, targets preceded by a masked repetition prime would be easier to process than targets preceded by an unrelated prime. Therefore, when a block of trials contains a large proportion of masked repetition trials, there should be a noticeable reduction in response latency for those trials in comparison to when those trials appear in a block with mainly unrelated trials. Such is not necessarily the case for the unrelated trials, because participants have somewhat less ability to speed up responding on those (more difficult) trials (i.e., latencies on those trials may be essentially similar in the high-and low-proportion blocks). Thus, according to , prime validity effects could emerge in this task as a result of the difficulty of the other trials within the block rather than as a result of the participants' placing more reliance on the prime when that this association becomes stronger (which results in a more effective masked prime) when the proportion of compatible prime-target trials is high.
The key difficulty Klapp's (2007) account would have in explaining the present data is that his account would appear to predict that there should be a difference in the size of the priming effects for either-way targets between the 100% congruent and unpredictive conditions at both prime-target intervals. The nonsignificant differences between these conditions at both prime-target intervals suggest that it is not variations in associative strength between the prime stimulus and its response that drove the prime validity effects in the present study.
Note, however, that, although the magnitude of priming for either-way targets did not differ between the unpredictive and the 100% congruent conditions at either primetarget interval in the present study, the magnitude of priming for the arrow targets did differ between Klapp's (2007) 50% and 80% congruent conditions. Thus, Klapp's (2007) account is consistent with his own data. Furthermore, it is unclear what may have produced a discrepancy between Klapp's (2007) data and the present data. One could argue that the cognitive system reacts differently to primes when their associated responses are always either consistent or inconsistent with the target relative to when their response consistency varies across trials (see note 3). In essence, the argument would be that the 100% conditions do not represent the most extreme manipulation of relatedness proportion but, rather, represent a qualitative change from relatedness proportions less than 100%. Whether this is the reason for the discrepancy remains a question for future research.
A two-component account of masked priming. Kinoshita and Hunt (2008) recently proposed a twocomponent account of masked priming/congruence effects in a categorization task. According to their account, there is an unconditional component that reflects priming driven by stimulus-response associations (with used primes that had been responded to as targets) and a conditional component that reflects the congruence between the prime and target in terms of task-defined features. Both of these components operate automatically. However, the unconditional component is assumed to be transitory, since it either decays rapidly or is actively suppressed, whereas the conditional component is assumed to be independent of response latency, since it is time-locked to the target. Kinoshita and Hunt's (2008) account was derived by applying a latency distribution analysis to a magnitude classification task (i.e., is a target number larger/smaller than 5?) and has yet to be applied to the arrow classification task. However, one can assume that their account would predict that the observed priming effects in that task would be primarily driven by the unconditional component, because the arrow primes had been used as targets. According to their account, priming from this component either decays rapidly or is actively suppressed. Response decay alone could not explain the reversal to negative priming at the 165-msec prime-target interval. However, an active suppression mechanism that operates along the lines of what we propose here could. That is, it would have there is a large proportion of masked repetition trials (as was argued by Bodner and Masson, 2004) . The question of whether Kinoshita et al.' s analysis is actually a better explanation of the data from these types of tasks than is the memory recruitment account, nonetheless, remains a question for future research.
Conclusions
In the present research, the mechanisms that drive the prime validity effect in an arrow classification task with free choice trials were investigated. The results indicate that varying the validity of the masked arrow primes for the arrow targets produced prime validity effects for both the response speed and the bias for the intermixed eitherway trials. The use of an unpredictive baseline condition demonstrated that these prime validity effects appear to be mainly driven by the processing in the 100% incongruent condition. That is, the prime validity effects arise as a result of participants' automatically suppressing response biases created by the initial automatic activation of the prime when those biases are inconsistent with the majority of the target stimuli. Although this conclusion does not contradict the memory recruitment account in general, it does suggest that at least some of the data taken as support for the memory recruitment account might be explained just as readily by mechanisms more consistent with the prospective view of masked priming (see also Klapp, 2007) .
